Clinical features and laboratory tests that determine carbohydrate in faeces were evaluated to determine which was best able to distinguish between osmotic and secretory diarrhoea in infants and children. For this purpose 80 boys aged 3 to 24 months, with acute watery diarrhoea, were studied prospectively. The faecal osmolar gap (FOG) was calculated as: serum osmolarity − [2 × (faecal sodium + potassium concentration)]. Fifty eight patients were classified as having predominantly osmotic diarrhoea (FOG >100 mosmol/l), and 22 as having predominantly secretory diarrhoea (FOG <100 mosmol/l). The two groups were comparable in their clinical features on admission, in the results of blood and urine tests, and in the evolution of their diarrhoeal illness. Evidence of steatorrhoea (by positive Sudan III test) and of acid faecal pH on admission were significantly more frequent in patients with osmotic diarrhoea. Mean (SD) faecal osmolarity was not significantly diVerent between the two groups (319 (80) mosmol/l in secretory diarrhoea v 361 (123) mosmol/l in osmotic diarrhoea). Tests for reducing substances in faeces such as Benedict's test-with and without hydrolysis-and glucose strip, all showed a positive and significant association with osmotic diarrhoea (p <0.05, <0.025, <0.05, respectively). The presence of excess reducing substances (Benedict's test with hydrolysis >++) on admission was the most sensitive and specific test with the best predictive value for diVerentiating between the two types of watery diarrhoea. (Arch Dis Child 1997;77:201-205) Keywords: diarrhoea; faecal osmolar gap; carbohydrate malabsorption Enteropathogens that cause diarrhoea may aVect the physiology of the gut in diVerent ways. By modifying the equilibrium of water and electrolytes, they can induce diVerent types of diarrhoea. Thus, osmotic diarrhoea results from an excess of non-absorbable and osmotically active solutes in the lumen, and secretory diarrhoea results when the secretory activity of the mucosa exceeds its absorption capacity.
Enteropathogens that cause diarrhoea may aVect the physiology of the gut in diVerent ways. By modifying the equilibrium of water and electrolytes, they can induce diVerent types of diarrhoea. Thus, osmotic diarrhoea results from an excess of non-absorbable and osmotically active solutes in the lumen, and secretory diarrhoea results when the secretory activity of the mucosa exceeds its absorption capacity.
1 Diarrhoea of a predominantly osmotic basis is usually investigated by measurement of faecal carbohydrates; cessation of diarrhoea within 72 hours of fasting is a confirmatory feature of this pathological mechanism. 2 More recently, measurement of the faecal osmolar gap (FOG) has also been used in investigating presumably osmotic diarrhoea. Some authors have tested this assumption by pretreating patients under study with antibiotics; faecal osmolarity has been reduced thus supporting this hypothesis. Initially FOG was defined as: faecal osmolarity − [2 × (faecal sodium + potassium concentration)]. [3] [4] [5] [6] [7] Faecal osmolarity, however, when measured directly in faeces, even immediately after evacuation, does not reflect the pathophysiology of diarrhoea, presumably because by the time faeces are passed, carbohydrates have been metabolised by colonic bacteria causing an increase in osmolarity. 3 5 This premise has been tested by giving antibiotics to study patients. Faecal osmolarity is then reduced considerably, thus supporting this hypothesis. 6 For the reasons mentioned above, measurement of serum osmolarity, instead of faecal osmolarity, has been considered more appropriate for the calculation of FOG. 3 Thus FOG is defined as: serum osmolarity −[2 × (faecal sodium + potassium concentration)]. As such it is characteristically increased in osmotic diarrhoea. [3] [4] [5] [6] [7] [8] [9] Several studies in adults with laxative induced persistent diarrhoea have used an arbitrary definition of osmotic diarrhoea as a mean (SD) serum value for FOG higher than 40, 4 50, 8 or 100 mosmol/l respectively. 2 3 7 9 The latter value is now the most widely accepted, 2 3 7 9 although it has never been validated in acute infantile diarrhoea.
FOG is regarded as helpful in diVerentiating between osmotic and secretory diarrhoea but it has the drawback of requiring sophisticated equipment and techniques that are not widely available in health services. 4 10 11 It is important to be able to diVerentiate between these two types of diarrhoea in order to plan an eVective oral rehydration therapy and dietary management in some patients, particularly when there is a need to reduce the high osmolar load oVered to the gut in order to prevent diarrhoea worsening. In a previous study we found glucose malabsorption in 35% of cases and in more than half of these it was related to failure of oral rehydration therapy. 12 In this paper we describe the clinical characteristics of hospitalised Peruvian infants and children with osmotic and secretory diarrhoea (defined according to FOG). The main purpose was to ascertain which one of various simple routine tests that measure faecal carbohydrate content has the best performance in early prediction of the type of diarrhoea.
Methods

PATIENTS
All boys admitted to the rehydration ward of Cayetano Heredia University Hospital for treatment of acute diarrhoea over a 12 month period were considered for inclusion. Patients were included if they satisfied the following criteria: 3 to 24 months of age, three or more watery stools per day, for no longer than five days, dehydration clinically estimated as >5 %, and no medical complications other than those directly related to dehydration. Dehydration score was ascertained according to World Health Organisation (WHO) standards.
1 Patients were excluded if they had hypovolaemic shock, their weight for length was <3rd centile (according to National Center for Health Statistics standards), or if they had blood in the stools. Initially 88 patients were included in the study. Eight patients were excluded because not all test results were available. The 80 remaining patients all received the same standardised oral rehydration treatment. Treatment was divided into two phases: rehydration and maintenance. In the rehydration phase, patients received oral rehydration salts (ORSs) ad libitum for eight hours; plain water was offered whenever the patients seemed thirsty but refused to take the ORSs. Feeding any food, even mother's milk, was withheld until eight hours after admission. After eight hours the patients were re-evaluated and if dehydration persisted, rehydration was continued for four more hours. Those patients who were considered to be hydrated were advanced to the maintenance phase. In the maintenance phase patients were oVered either breast feeding or half strength lactose free formula (Prosobee, Mead Johnson Laboratories; osmolarity 211 mosmol/l). The latter was given only to infants who were fully weaned. Infants older than 6 months were also given soft foods (osmolarity ∼ 203 mosmol/l). ORSs requirements were calculated every four hours on a volume/volume basis to replace the fluid lost in the watery stool, until diarrhoea had ceased. Patients who were not successfully rehydrated after eight or 12 hours or whose weight was less than that on admission were rehydrated by the intravenous route. Failure of maintenance treatment was diagnosed if signs of dehydration reappeared or if patients weighed less after eight hours than on admission. Diarrhoea was considered to have stopped when patients had two consecutive normal stool evacuations or did not pass any stools for at least 12 continuous hours.
ADMISSION ASSESSMENT
Patients fulfilling the inclusion criteria were admitted to the study and placed on metabolic beds (which allowed separate measurement of faecal and urinary output). Laboratory studies included venous blood for micropacked cell volume, plasma specific gravity by refractometry, serum sodium and potassium by flame photometry, serum chloride concentrations by colorimetric titration, and microgasometric determination of total carbon dioxide content in serum. A stool sample was obtained by rectal catheter and tested for polymorphonuclear leucocytes using the methylene blue staining method, 13 for microscopic fat in faeces by the Sudan III method, 14 15 using a semiquantitative scale of values: 0.5 g% (+), 1 g% (++), 1.5 g% (+++), and 2 g% (++++). Benedict's test, after acid hydrolysis with hydrochloric acid 0.1 N, was carried out to determine the presence of carbohydrates in faeces, which only become reducing sugars after being hydrolysed (for example sucrose). Benedict's test is widely used in many places as a cheaper and more easily available alternative to Clinitest tablets. It is regarded as reliable and accurate. 15 The semiquantitative scale already described was used also. Faecal glucose was determined with semiquantitative strips (Glucose strips, Eli Lilly, Indianapolis, Indiana) using a semiquantitative scale: 1/10 g% (+), 1/4 g% (++), 1 ⁄2 g% (+++), and 2 g% (++++). Faecal pH was measured using semiquantitative strips (ph, Neutralit, Merck, Darmstadt, Germany) with ranges from 5.5 to 9 with intervals of 0.5 units. Urine samples were obtained with a sterile urine collection bag. Electrolytes, osmolarity, and urine specific gravity were determined with the methods already described. FOG was defined in this study as: faecal osmolarity −[2 × (faecal sodium + potassium concentration)]. [3] [4] [5] [6] [7] MICROBIOLOGY STUDIES Fresh stool specimens were collected by rectal swab and transported to our microbiology laboratory. Specimens were cultivated for Salmonella sp, Shigella sp, vibrio, and Escherichia coli, by standard direct and enrichment media. Campylobacter sp were grown on sheep blood agar containing Butzler's antibiotic supplement. Yersinia sp were selectively cultured on cefsulodin-Irgasan-novobiocin agar, and Aeromonas sp on ampicillin blood agar. Rotavirus antigen identification was done with an enzyme linked immunosorbent assay, using reagents supplied by the WHO Collaborating Centre for Reference and Research, Birmingham.
Stools were emulsified in saline and examined by direct microscopy within hours after collection to determine the presence of Giardia lamblia and other parasites. Another portion of the stool specimen was preserved in merthiolate iodine formalin solution and processed by the formol ether sedimentation technique. Faecal smears from the direct and concentrated material were treated with 0.1 N sodium hydroxide and stained by the modified acid fast technique to determine the presence of Cryptosporidium sp.
STATISTICAL ANALYSIS
After data cleaning, descriptive statistics were applied to determine whether the variables were normally distributed. The children were divided retrospectively into two groups depending on the FOG result. Osmotic diarrhoea was defined as FOG >100 mosmol/l and secretory diarrhoea as FOG <100 mosmol/l. 2 3 7 9 Continuous variables were compared with the t test (two tailed) or non-parametric KruskalWallis tests, and discrete variables by either 2 or Fisher's exact tests (two tailed), as appropriate. The Epi-Info software (V.5.00, CDD-WHO, 1990) was used to store and process the data. This study was approved by the ethical committee of University Cayetano Heredia.
Results
Eighty eight patients were initially enrolled; eight were excluded because of incomplete laboratory data, thus leaving 80 patients for analysis.
In 58 patients FOG was >100 mosmol/l and in 22, <100 mosmol/l. The first group was considered to have predominantly osmotic diarrhoea and the second, predominantly secretory diarrhoea.
No significant diVerences were found between patients with osmotic compared with secretory diarrhoea with regard to their clinical and laboratory (blood and urine) data found on admission to the study (tables 1 and 2).
Faecal fat, according to the Sudan III test, was found more often in patients with osmotic diarrhoea than in patients with secretory diarrhoea. There was no statistical diVerence in faecal osmolarity, nor in the presence of faecal polymorphonuclear leucocytes between groups.
Benedict's test showed diVerences between the groups. Patients with osmotic diarrhoea showed higher amounts of reducing substances than those with secretory diarrhoea. Faecal pH <6 had a greater association with osmotic than with secretory diarrhoea (table 2) . Information related to clinical evolution and laboratory tests to determine dehydration status in the first 24 hours did not show any significant diVerences between osmotic diarrhoea and secretory diarrhoea (table 3) .
Benedict's test had the better combination of values with hydrolysis (>++) with a sensitivity of 72% (95% confidence interval (CI) 60 to 80), specificity 73% (54 to 91), positive predictive value 87% (77 to 97), and negative predictive value 50% (34 to 66). These analyses were repeated at eight and 24 hours after admission and the results did not change.
No diVerences were found in the occurrence of intestinal pathogens between osmotic diarrhoea and secretory diarrhoea (table 4) .
In a second part of the study, we divided patients according to the presence or absence of stool carbohydrates on admission. [16] [17] [18] [19] [20] [21] Two distinct groups emerged, without overlap, when a FOG value of 120 mosmol/l was chosen as the cut oV. The respective mean (SD) figures were: FOG = 134.8 (54.6) (95% CI 120.8 to 40.8) mosmol/l, in the group with stool carbohydrates positive, compared with FOG = 98.6 (64.1) (95% CI 68.4 to 121.8) mosmol/l when stool carbohydrates were negative (p=0.019) (fig 1) .
Discussion
Although FOG is a useful test to discriminate between secretory and osmotic diarrhoea, it requires the patient to be placed on a metabolic collection bed. Its cost and relative sophistication precludes use beyond tertiary centres. For this reason, we tried to ascertain if routine laboratory tests intended to detect the presence of carbohydrates in faeces were useful to diVerentiate osmotic diarrhoea from secretory diarrhoea.
We found that Benedict's test with hydrolysis (>++) on admission was the most eYcient test to predict osmotic diarrhoea. It had the highest sensitivity and specificity, as well as the best predictive value. This is because Benedict's test with hydrolysis measures all non-absorbed carbohydrates, including reducing and nonreducing sugars. Despite these advantages, its overall performance was not optimum.
Faecal osmolarity by itself does not diVerentiate secretory from osmotic diarrhoea. This corroborates the findings of other studies. 2 4 The explanation is that in secretory diarrhoea electrolytes may be as high as the faecal osmolarity provided by the non-absorbed solutes in osmotic diarrhoea and then faecal osmolality can be increased in both conditions. 3 In addition, there is the problem of bacterial metabolism. It is important to point out that we attempted to control for changes due to storage at room temperature 4 10 11 by storing samples at 4°C to minimise bacterial degradation. We obtained samples by rectal catheter, thus avoiding contamination with urine, which could dilute, and change, osmolarity.
There was a higher concentration of faecal sodium and potassium in patients with secretory diarrhoea but this is because these variables were used in the definition of FOG that was part of the criteria applied to separate the two groups. 3 We found microscopic fat in faeces more often in osmotic diarrhoea. The explanation is not clear, but faecal losses of long chain fatty acids is probably determined by the underlying cause of the diarrhoea with damage to intestinal mucosa. 3 On the other hand patients with carbohydrate malabsorption can present with fat malabsorption.
We also found that faecal pH <6 on admission was significantly more frequent in osmotic diarrhoea. The chief factor may have been carbohydrate fermentation by enteral bacteria in the caecum and colon. The organic acids thus formed-mainly acetic, propionic, butyric, and lactic-bring about a decrease in pH. 4 5 10 22 The frequency of faecal isolation of enteropathogens was similar in both groups. However, we did not look for enterotoxigenic E coli in our study. We found more rotavirus and enteropathogenic E coli in osmotic diarrhoea, as reported by other studies. 1 8 23 24 The cut oV point in FOG values we selected to distinguish between osmotic and secretory diarrhoea, was taken from studies of adult patients. Dividing our patient group according to the presence or absence of carbohydrates in Presence Absence stools on admission, [16] [17] [18] [19] [20] [21] two distinct groups emerged, without overlap, if a FOG value of 120 mosmol/l is chosen as the cut oV (fig 1) . Thus we suggest that a FOG cut oV value of 120 mosmol/l may be a better indicator of carbohydrate malabsorption, and hence the presence of osmotic diarrhoea, than a cut oV value of 100 mosmol/l in children. However, Benedict's test with hydrolysis (>++) remains the most useful predictor of osmotic diarrhoea.
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